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PACKAGE SUBSTRATE FOR INTEGRATED CIRCUIT 
AND METHOD OF MAKING THE SUBSTRATE 

BACKGROUND 

Integrated circuits (ICs) such as microprocessors are typically mounted on 
package substrates that help to provide an interface between the integrated circuit 
5 die and a circuit board. A typical package substrate may include alternating metal 
and dielectric layers. Among the metal layers, some may form ground or power 
planes and others may be used for signal traces. In the case of the ground or 
power plane layers, it is known to form adhesion holes in the layers so that the 
two dielectric layers on either side of the ground or power plane may adhere to 
10 each other. This may aid in preventing delamination of the substrate structure. 

According to some typical practices, signal traces in metal layers that are 
adjacent to a ground or power plane layer (with a dielectric layer in between, of 
course) are routed so as not to pass over the locus of the adhesion holes in the 
adjacent ground or power plane. This is done because signals in traces which 

1 5 pass over or under an adhesion hole or holes may suffer distortion due to crosstalk 
and/or timing skew. However, as IC technology advances, there is a tendency to 
increase the density of signal traces in the package substrate, which leads to 
conflicts with the desire to avoid routing traces over or under adhesion holes. 
One way of resolving this conflict is to increase the number of signal layers, but 

20 this increases the cost of the package substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partial schematic side cross-sectional view of a package substrate, 
according to some embodiments. 
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FIG. 2 is a partial schematic plan view of a ground or power plane metal layer of 
the package substrate of FIG. 1, according to some embodiments. 

FIG. 3 is a view that schematically illustrates how an adhesion slot of the metal 
layer of FIG. 2 may be varied in location and/or orientation according to some 
5 embodiments. 

FIG. 4 is a plan view which illustrates a spatial relationship between traces in one 
of the metal layers of the package substrate of FIG. 1 and adhesion slots formed in 
another metal layer of the package substrate of FIG. 1 . 

FIG. 5 is a schematic side view showing an IC mounted on the package substrate 
10 of FIG. 1. 

FIG. 6 is a block diagram of a computer system that includes the IC and package 
substrate of FIG. 5. 

FIG. 7 is a flow chart that illustrates at least a portion of a process for forming the 
package substrate of FIG. 1. 

1 5 DETAILED DESCRIPTION 

FIG. 1 is a partial schematic side cross-sectional view of a package substrate 10, 
according to some embodiments. 

The package substrate 10 includes a first dielectric layer 12 and a first metal layer 
14 that has been formed on the first dielectric layer 12. The first dielectric layer 12 is in 
20 contact with a lower face 16 of the first metal layer 14. The first metal layer 14 may be a 
ground plane or a power plane. 

The package substrate 10 further includes a second dielectric layer 18 that has 
been formed on the first metal layer 14. The second dielectric layer 18 is in contact with 
an upper face 20 of the first metal layer 14. 

25 The package substrate 10 also includes a second metal layer 22 that has been 

formed on the second dielectric layer 18. The second metal layer 22 may be a signal 
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layer (i.e., may include signal traces for carrying signals to and/or from an IC die, which 
is not shown in FIG. 1). 

The metal layers 14, 22 may be formed of copper, for example. The dielectric 
layers 12, 18 may be formed of any suitable dielectric material, such as an epoxy based 
5 material. In some embodiments, the dielectric layers 12, 18 may be formed of a phenolic 
resin-based epoxy material. The respective thicknesses of the metal layers 14, 22 and the 
dielectric layers 12, 18 may be provided in accordance with conventional principles. 

Although only two metal layers and two dielectric layers of the package substrate 
10 are shown, in some embodiments the package substrate 10 may include considerably 
10 more metal and dielectric layers. For example, the total number of metal layers may be 
in the range of six to twelve, of which approximately half may be signal layers, and the 
rest may be ground planes or power planes. Although not shown in the drawing, there 
may be vias between two or more of the metal layers. 

FIG. 2 is a partial schematic plan view of the metal layer 14, according to some 
1 5 embodiments. As seen from FIG. 2, adhesion slots 24 are formed in the metal layer 14 to 
allow the first dielectric layer 12 (FIG. 1) and the second dielectric layer 18 (FIG. 1) to 
adhere to each other by way of the adhesions slots 24 (FIG. 2). 

The portion of the metal layer 14 shown in FIG. 2 may be a relatively small part 
of the metal layer 14, and the five adhesion slots 24 shown in FIG. 2 may be a relatively 
20 small part of a pattern of adhesion slots that extends substantially entirely across the 

metal layer 14. The metal layer 14 may be a substantially continuous sheet except for the 
slots 24 formed therein. 

The pattern in which the adhesion slots 24 are formed in the metal layer 14 may 
be any one of a number of different patterns. In the particular example embodiment 
25 shown in FIG. 2, the adhesion slots may be formed in a rectangular face-centered pattern 
with the rectangular cells which make up the pattern having an aspect ratio of about 
1.73:1. For example, the cell dimensions of the rectangular cells making up the pattern 
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may, in some embodiments, have dimensions of approximately 2000 microns by 3464 
microns. 

The pattern in which the adhesion slots are formed may, in some embodiments, be 
a rectangular pattern that has no face-centered node. As used herein and in the appended 
5 claims, a "rectangular pattern" refers to both a rectangular face centered pattern and to a 
rectangular pattern which is not face centered. In addition, as used herein and in the 
appended claims, a "rectangular pattern" includes a square pattern, and a "square pattern" 
refers to both a square face centered pattern and a square pattern that is not face centered. 
The pattern in which the adhesion slots are formed may, in some embodiments, be a 
10 square pattern such as a square face-centered pattern, which is the pattern conventionally 
used for adhesion holes. 

The adhesion slots may be slots having a length dimension that is substantially 
greater than a width dimension of the slots. In some embodiments, the adhesion slots 
may have a length:width ratio of at least 5: 1 , or even equal to or greater than 10:1. Other 

1 5 length: width ratios, less than 5 : 1 or greater than 10:1, may be employed. In some 

embodiments, the adhesion slots may have a width dimension of substantially 50 microns 
and a length dimension of substantially 628 microns, resulting in a length:width ratio of 
about 12.5:1 and a slot area that is substantially the same as the area of 200 micron 
diameter circular adhesion holes that are conventionally employed. The 50 micron width 

20 of the slots, in these embodiments, may correspond to a minimum feature width 

according to design rules for a photolithography/etching technology employed to pattern 
the metal layer 14. Alternatively, wider widths, or narrower widths if design rules 
permit, may be employed for the adhesion slots. 

Because the adhesion slots 24 have a substantially smaller width than 
25 conventional circular adhesion holes, even relatively dense signal trace layouts in the 
second metal layer 22 may be more readily arranged so as not to pass over or under one 
or more of the adhesion slots in the metal layer 14 or in another adjacent metal layer (not 
shown). Furthermore, according to some embodiments, changes in orientation and/or 
small adjustments in location of one or more of the adhesion slots 24 may be made to 
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accommodate a signal trace layout that is substantially free of interference from the 
adhesion slots 24. FIG. 3 is a view that schematically illustrates how an adhesion slot 24 
of the metal layer 14 may be varied in location and/or orientation according to some 
embodiments, to accommodate signal trace layout in an adjacent signal layer. 

5 As indicated in phantom at 30 in FIG. 3, an adhesion slot may be oriented so as to 

be angled from a home orientation (indicated in solid lines). The degree of angling may 
be up to 90° in either a clockwise or counterclockwise direction from a home orientation, 
so that the adhesion slot may, in some embodiments, have any orientation whatsoever in 
the plane of the metal layer 14. The change of orientation of the adhesion slots may be 
10 applied to some adhesion slots but not to others, or different changes in orientation may 
be applied to different ones of the adhesion slots, so that in both cases at least some of the 
adhesion slots may be oriented at an angle relative to an orientation of at least some other 
adhesion slots in the same metal layer. 

In addition or alternatively, in some embodiments, the center point of a slot may 
1 5 be displaced in any direction from the slot's nominal lattice point position in the slot 
pattern by a distance of up to about 250 microns. A dot-dash circle 32 in FIG. 3 
schematically illustrates a region in which a center point of the slot 24 may be displaced 
from its nominal lattice point location. It should be understood that a slot pattern shall be 
considered to be rectangular notwithstanding any such minor displacements in slot center 
20 points. In some embodiments, the maximum distance from which the slot center point 
may be displaced from the nominal lattice point location may be more or less than 250 
microns. 

FIG. 4 is a plan view which illustrates a spatial relationship between signal traces 
40 in the metal layer (signal layer) 22 and adhesion slots 24 (shown in phantom) formed 
25 in the metal layer 14, according to one example embodiment. 

It will be noted that the signal traces 40 shown in FIG. 4 are generally parallel to 
each other with a relatively small distance between each adjacent pair of signal traces. 
(Although the distance between adjacent signal traces is shown as slightly wider than the 
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width of the adhesion slots 24, in practice the distance between adjacent signal traces 
may be substantially the same as the width of the adhesion slots.) As indicated at 42, 
angles are formed in the signal traces 40. The respective orientations of the adhesion 
slots 24 may be arranged, and if necessary the locations of the center points of the slots 
5 may be slightly displaced from nominal pattern lattice point locations, such that the slots 
effectively comb the signal traces 40, and none of the signal traces 40 passes over any of 
the slots 24. Consequently, signals may be routed over a reference plane without passing 
over holes, which may result in improved signal integrity (e.g., reduced near end 
crosstalk, far end crosstalk and/or timing skew) that might otherwise result were the 

10 traces routed over adhesion holes. High density signal trace layouts are accommodated 
by the adhesion slots disclosed herein. Furthermore, the avoidance of routing of signal 
traces over adhesion slots may provide for improved signal quality and may promote gate 
oxide durability in the associated IC (not shown in FIGS. 1-4), since the reduction of near 
end crosstalk may reduce the likelihood of signal spikes that might otherwise tend to 

1 5 degrade gate oxide in the associated IC. 

With the adhesion slots as described above, dense signal trace arrangements may 
be provided on an adjacent signal layer without having any signal trace pass over or 
under any adhesion slot in an adjacent ground or power plane layer. With increases in 
signal trace density, the number of layers in the package substrate may be kept to a 
20 minimum or may be prevented from being increased. Consequently, there may be 
savings in the cost of the package substrate. 

FIG. 5 is a schematic side view showing an IC die 50 (e.g., a microprocessor or a 
chip set or a component of a chipset) mounted on the package substrate 10. In the 
schematic representation of FIG. 5, connecting structure between the IC die 50 and the 
25 package substrate 10 is not explicitly shown, but it should be understood that, for 

example, the IC die 50 may be mounted on, and electrically connected to the package 
substrate 10 in accordance with conventional principles. 

FIG. 6 is a block diagram of a computer system 100 that includes the IC die 50 
and package substrate 10. 
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In some embodiments, the IC 50 may comprise a microprocessor, for example. 
The IC 50 comprises many sub-blocks, such as arithmetic logic unit (ALU) 104 and on- 
die cache 106. The IC 50 may also communicate to other levels of cache, such as off-die 
cache 108. Higher memory hierarchy levels, such as system memory 1 10, are accessed 
5 via host bus 1 12 and chipset 1 14. In addition, other off-die functional units, such as 
graphics accelerator 116 and network interface controller (NIC) 1 18, to name just a few, 
may communicate with IC 50 via appropriate busses or ports. The metal layer 14 (FIGS. 
1 and 2, not shown separately in FIG. 6) may operate as a ground plane or a power plane 
for the package substrate 10. 

10 FIG. 7 is a flow chart that illustrates at least a portion of a process for forming the 

package substrate 10. 

As indicated at 150 in FIG. 7, metal layer 14 (FIG. 1) is formed on dielectric layer 
12. This operation may be performed in accordance with conventional practices. Then, 
as indicated at 152 in FIG. 7, the metal layer 14 is patterned to produce adhesion slots 

1 5 such as the adhesion slots 24 referred to above. The patterning of the metal layer 14 may 
include photolithography and etching that are performed in accordance with conventional 
practices except for the nature of the pattern formed in the metal layer 14. The forming 
of the metal layer 14 may, for some purposes, be considered to include the patterning of 
the metal layer. The patterning of the metal layer 14 may be performed so as to form a 

20 pattern of adhesion slots in the metal layer 14, as described above in connection with 
FIGS. 2 and 3. 

Next, at 154 in FIG. 7, the dielectric layer 18 may be formed on the metal layer 
14, with the dielectric layer 1 8 adhering to the dielectric layer 12 by way of the adhesion 
slots 24 that were formed in the metal layer 14. 

25 Those who are skilled in the art will recognize that the forming of the package 

substrate 10 may include operations that are performed before and after the operations 
described with reference to FIG. 7. For example, the metal layer 22 (FIG. 1) may be 
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formed on the dielectric layer 1 8 and may be patterned to form a suitable arrangement of 
signal traces such as the traces shown in FIG. 4. 

The several embodiments described herein are solely for the purpose of 
illustration. The various features described herein need not all be used together, and any 
5 one or more of those features may be incorporated in a single embodiment. Therefore, 
persons skilled in the art will recognize from this description that other embodiments may 
be practiced with various modifications and alterations. 
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